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INTRODUCTION
In a previous communication (1) we have described the isola-
tion of an agent transmissible to mice from three cases of pemphi-
gus vulgaris. It is the purpose of this paper to describe the
isolation and serial transmission of an agent from a fourth case
of the disease. The pathological changes produced by the new
agent in the brains of mice appear to be identical with those
resulting from the action of the RP strain previously obtained
(1) which has now been serially transmitted for 100 passages.
The new strain has been isolated from fluid aspirated from
bullae of the individual whose case history follows:
CASE HISTORY
S. S. was a married, white man aged 68, who had enjoyed excellent health up
to the onset of the present illness. In November, 1936 an outcrop of blisters
appeared roughly symmetrically upon the cheeks and ears, and extended down
the neck to the clavicles. Within three weeks all of the lesions had disappeared
completely. There were no constitutional symptoms associated with this erup-
tion. In June, 1937 following a sunburn, the blisters reappeared beginning with
the forearms and spread gradually to involve the face and upper part of the
chest. There was generalized pruritus but constitutional symptoms remained
otherwise mild. Fowler's solution was administered between July 15 and Au-
gust 10 when it was abandoned following the onset of diarrhea. On September 17
a rapid and extensive spread of the blisters occurred to involve the greater part
1 Read at the First Annual Meeting of the Society for Investigative Derma-
tology, New York City, April 30, 1938.
2 From the New York Hospital and Department of Medicine, Cornell Uni-
versity Medical College, New York, New York.
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of the trunk and limbs. Ten days later with lesions unchanged, weakness,
anorexia, and a low-grade fever caused the patient to take to bed. On October 12,
1937 he was admitted to the New York Hospital. Sodium arsenate injections
were commenced on September 27 and continued until October 27 after which
treatment was continued solely with mouse-brain vaccine and topical remedies.
On admission, the patient presented a typical picture of advanced pemphigus
vulgaris. Numerous bullae, large and small, flaccid and tense, with clear and
cloudy contents covered the greater portion of the integument with the exception
of the face and scalp which were relatively clear. There was slight involvement
of the buccal and palatal mucosae. Older cutaneous lesions were crusted and
there was considerable itching. General weakness and mild pyrexia were present.
The mouth lesions increased in number and severity without change in the cuta-
neous or general picture until October 24 when he became irrational and stupor-
ous. He remained thus until October 29 when he entered a state of remission.
On December 10 the development of a fresh and extensive crop of bullae, mostly
of small size, ushered in a relapse which lasted until January 14 during which he
was again drowsy and irrational and the pulse was very feeble. On January 12
he was very low and it was then decided to push vaccine treatment vigorously by
giving 1.0 cc. subcutaneously twice weekly. The first dose of this series was
given on January 12. On January 14 he became brighter although many fresh
bullae had appeared on the chest, arms and abdomen the previous day. The
appearance of fresh crops of blisters 24 hours after vaccine administration had
been noted at the previous inoculation on December 15, 1937. Improvement in
his general and cutaneous condition continued to such a point that he was able
to sit up in a chair on March 5. Subcutaneous vaccine injections were continued
and had been reduced to one weekly since February 8. On March 19 many
erythemato-edematous pruritic lesions varying in size from 1 to 5 cm. in diameter
appeared on palms and soles, arms, legs, chest and abdomen. Some of these were
surmounted by vesicles and blebs varying in size from pinhead to pea. There
was no tendency to grouping of the new lesions. 0.1 cc. vaccine was adminis-
tered intravenously on March 21. This was followed by chilly sensations and the
appearance the next day of very many small bullae on extremities and trunk.
The erythemato-edematous areas became paler but remained slightly elevated.
On March 23 the patient looked more toxic, many bullae were present generally
and the most striking feature was the development on the back of palm sized
lesions similar to those which arose on March 19. On March 24, 0.2 cc. of vaccine
was given intravenously and was followed the next day by the development of
several large blisters on palms and back of the hands. A culture of the blood was
made on March 28 and was sterile. The general condition improved and injec-
tions were withheld until March 29 when 0.3 cc. of normal mouse-brain emulsion
as a control was given intravenously. There was no development of bullae
following the injection of the control emulsion. On March 30 respiratory symp-
toms developed and increased in severity until April 6 when he expired.
A postmortem examination was performed fifteen hours after death with the
following findings:
Primary. Pemphigus vulgaris, most pronounced on chest, abdomen and lower
extremities; hyperplasia of iliac and axillary lymph nodes; arteriosclerosis of
aorta and iliac arteries, advanced, with calcification and ulceration; arteriosclero-
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sis of renal arteries; arteriolar nephrosclerosis, moderate; arteriosclerosis of
coronary arteries with almost complete occlusion of right coronary artery; hyper-
trophy and dilatation of the heart; edema of lungs; serous pleural effusion, 200 cc.
right, 400 cc. left; congestion of liver and kidneys; focal area of bronchopneu-
monia, middle lobe right lung.
Accessory. Multiple calcified subpleural and parenchymal nodules of left
lung; fibrous scars of apices of both lungs; fibrous pleural adhesions, bilateral;
calcified mesenteric lymph node; adenoma of cortex of left adrenal gland.
Microscopic examination of lymph nodes. Sections from iliac and axillary nodes
showed diminution or loss of follicular architecture especially in the former.
Small blood vessels were greatly congested. The pulp contained many plasma-
cytoid cells. There were also many large mononuclear cells, especially in the
sinusoids. A few foci of polymorphonuclear leukocytes were seen.
Bacteriological examination. Postmortem culture from the heart's blood
showed beta hemolytic streptococcus. Cultures of the fluid from the chest and of
the fluid from bullae on the legs were sterile.
EXPERIMENTAL
Aspiration of fluid from bullae was made on five occasions as
follows: fresh, tense bullae were chosen whenever possible, the
surfaces painted with iodine and alcohol and the contents care-
fully withdrawn by means of a hypodermic syringe and a 20
gauge needle. A portion of the aspirated material of each bulla
was immediately used for bacterial culture and the remainder
placed in the refrigerator. At the end of 48 hours those fluids
which were bacteriologically sterile aerobically and anaerobically
were used for animal inoculation. Bacterial cultures, however,
were observed for one week's time, and it was uniformly noted
that fluid which did not yield bacterial growth in 48 hours was
sterile at the end of a week.
The undiluted sterile fluids of the bullae were inoculated in
0.03 cc. quantities iritracerebrally into white mice. Mice weigh-
ing twenty grams each, and which had received 400 r units of
x-ray were used throughout the work unless otherwise stated.
All animals were carefully observed from day to day. When
indicated, animals were sacrificed by subjection to ether fumes.
All mouse brains used for passage and histologic study had a
portion removed for bacterial examination by aerobic and an-
aerobic culture. Only those brains which were bacteriologically
sterile were employed in these studies. Passage was always
4 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
carried out with a 40 per cent emulsion of the suspected infectious
brain in saline, 0.03 cc. of which was inoculated intracerebrally
into mice. Sections for histologic examination were made from
paraffin blocks and stained with hematoxylin and eosin.
Table I summarizes briefly the number of fluids used in the
investigation and the clinical condition of the patient at the time
of aspiration of each fluid from the bullae.
Table II shows in detail the results obtained in the attempt to
demonstrate a transmissible agent in the bacteriologically sterile
blister fluid derived from the case of pemphigus vulgaris reported
in this paper. The table deals only with fluids SPA, SPB, and
SPC. Ninety-one animals (61 irradiated, 30 non-irradiated)
TABLE I
DATE OF
ASPIRATION
7/27/37
LABORA-
TORY
NAME OP
SPECIMEN
SPA
NUMBER
OF
BULLAN
ASPIRATED
6
NUMBER
OF
BULLAE
STERILE
2
CLINICAL CONDITION OP PATIENT
Ambulatory and at work
10/18/37 SPB 6 1 Hospitalized. Bedridden. Very sick
11/ 2/37 SPC 2 2 Hospitalized. Bedridden. In remission
12/18/37 SPD 8 2 Hospitalized. Bedridden. In relapse
12/27/37 SPE 9 2 Hospitalized. Bedridden. In relapse
The organisms found in the bacteriologically unsterile bullae consisted of
staphylococci and streptococci. No further attempt at identification was made.
were employed in a similar manner with fluids SPD and SPE.
Eighty of these became sick and died within approximately the
same period of time after inoculation as the SPB animals and
many showed the below-mentioned signs of illness. Five serial
passages in mouse brains were made with the SPD and four with
the SPE materials. As, however, no pathological change could
be demonstrated in the brains of 20 sick mice of these two groups
it was deemed unnecessary to include details of the work with
these animals. The cause of sickness and death of these mice is
still obscure.
Signs of illness in infected mice.
The signs of illness which developed in mice inoculated with
SP materials resembled those produced by the action of the RP
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strain (1). Loss of weight, humping of the back and roughening
of the coat were the earliest signs. As the disease progressed
wasting increased and the animals appeared to walk on the toes.
TABLE II
NUMBER OF BAYS AFTER
4 INOCULATION REQUIRED FOR
3 FOLLOWING ANIMALSRNB FATROLOGICALNAME OF To get sick To die oçbe CHANGES IN SECTIONS TRANSMISSIONFASSAGE o killed OF MOUSE BRAINS
No.of N faol- Days anils Days
z mals
SPA 3 2 2 1 D 4 Not examined Not attempted
1 28 1 K 34 Present Not attempted
1 D 4 Not examined Not attempted
mos.
SPB 4 4 7 1 D 8 Not examined Not attempted
1 K 8 Present Not attempted
2 D 9 Not examined Yielded SPB Ml
SPB Ml 6 1 6 2 D 11 Not examined Not attempted
6 11 2 D 12 Not examined Not attempted
1 D 13 Not examined Not attempted
1 K 25 None demonstrable Yielded SPB M2
SPB M2 4 4 6 1 D 1 Not examined Not attempted
1 D 6 Not examined Not attempted
1 D 7 Not examined Not attempted
1 K 7 None demonstrable Yielded SPB M3
SPB M3 2 2 2 1 K 3 Present Not attempted
1 D 10 None demonstrable Not attempted
SPC 4 2 2 1 D 4 None demonstrable Not attempted
2 30 1 K 10 Not examined Not attempted
1 K 33 Present Not attempted
K = killed, D = died.
Toward the end sluggishness and ataxia developed. Hyperir-
ritability was occasionally seen and was sometimes so pronounced
that the slightest tactile stimulus caused the animal to leap
high in the air.
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HISTOLOGIC EXAMINATION OF INFECTED MOUSE BRAINS
1. Passage SPA—Mouse killed 34 days after inoculation.
The most conspicuous portion of the section under low magnifica-
tion was an area measuring 2 mm. x 0.5 mm. and staining a
grayish blue with hematoxylin and eosin. On higher magnifica-
tion this area was seen to consist of a background of glial cells,
sparser in number than a corresponding area of the adjacent
uninvolved brain substance, and small blood vessels. Densely
packed throughout the area and imparting to it the grayish blue
tint observed with low magnification were innumerable small
Fic. 1. PASSAGE SPA. BRAIN OF MousE KILLED 34 DAYS AFTER INOCULATION
WITH BLISTER FLUID. X 16
Major portion of involved area is contained within square
bodies whose individual size ranged from the smallest perceptible
dot to elements approximately 3 p. in diameter. The vast major-
ity of the bodies measured 1 p. in diameter or less. Due to the
lack of demarcation between adjacent glial cells it was impossible
to determine the extent to which the bodies were situated in-
tracellularly. Definite extracellular arrangement existed. The
larger bodies were often oval or angular in shape and did not
stain evenly, the periphery of the body frequently appearing in
parts darker than the central portion which under high magnifica-
tion had a gray tint. The smaller bodies showed a similar gray
color. No details of structure were evident in the bodies.
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2. Passage SPB—Mouse died 8 days after inoculation. A
sharply delimited area measuring 3 mm. x 1.75 mm. was present
in the cortex. No brain elements were recognizable, the whole
area being filled with necrotic material and polymorphonuclear
leukocytes. The nuclei of many of the latter cells were pyknotic.
In places throughout the section were cells which contained in
their cytoplasm many minute bodies which were just within the
FIG. 2. PASSAGE SPA. PoRTIoN OF AREA OF FIGURE 1 WITHIN SQUARE. X 1000
Small bodies of uncertain nature densely packed in cortex
range of visibility and which stained a dark red. These bodies
were approximately uniform in size and were found in greatest
numbers where destruction of tissue was the most severe. Sim-
ilar intracellular bodies were found in necrotic areas produced in
the brains of mice inoculated with the RP strain. No definite
opinion can yet be given upon the nature of these bodies.
3. Passage SPB M 3—Mouse killed 3 days after inoculation.
An area measuring 1 mm. x 0.5 mm. showed small hemorrhages
ta
"st. •
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FIG. 3. PASSAGE SPB. BRAIN OF MOUSE DEAD 8 DAYS AFTER INOCULATION WITH
BLISTER FLUID. X 14
Large area in cortex filled with necrotic material and polymorphonuelear
leukocytes.
FIG. 4. PASSAGE SPB M3. BRAIN OF MOUSE KILLED 3 DAYS AFTER INOCULATION
WITH EMULSION OF INFECTIOUS MOUSE BRAIN. X 1100
Infiltration of cortex with polymorphonuclear leukocyteS
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and a number of polymorphonuclear leukocytes. It was not as
sharply delimited from the surrounding tissue as in the case of
passage SPB. The reaction in the brain appeared to be less
intense in that the area involved contained recognizable brain
elements and practically all of the leukocytes possessed nuclei
Fm. 5. PASSAGE SPC. BRAIN OF MOUSE KILLED 34 DAYS AFTER INOCULATION
WITH BLISTER FLUID. X 530
Perivascular collection of mononuclear cells
which were normal in appearance. The minute intracellular
bodies observed in passage SPB were also present.
4. Passage SPC—Mouse killed 34 days after inoculation.
Perivascular collections of mononuclear cells identical morpho-
logically with glial cells were present in the cortex.
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CONTROLS
Sterile blister fluids from two cases of erythema multiforme
bullosum (one infant, one adolescent) were employed in the same
manner as the SP blister fluids. None of the inoculated mice
died. A number were sacrificed at varying intervals after inoc-
ulation and the brains examined histologically. No pathological
change was observed. Additional mice were inoculated with
sterile fluid from (a) a blister induced in a normal individual by
means of cantharides plaster and (b) a blister arising from a first
degree burn in another normal person. Six serial passages were
made of the brains of the animals inoculated with the fluid from
the cantharides induced blister at the same time intervals and in
the same concentration as employed for the passage of the SF
materials. All of these animals remained well and sections of
the brains revealed no pathological change.
COMMENT
Nine of thirty-one bullous fluids obtained from a case of pem-
phigus vulgaris were bacteriologically sterile. One fluid con-
tamed an agent which was serially transmitted through four
passages in mouse brains and produced histological changes
identical with those obtained by the action of the RP strain (1).
It is impossible to state with any definiteness the nature of the
small bodies found in large numbers in the brain of the sick
animal of passage SPA which was killed thirty-four days after
inoculation. We have not previously observed such a histological
picture.
No satisfactory reason can be adduced for the failure to dem-
onstrate a pathological change in the brains of animals which
received blister fluids SPD and SPE.
A definite opinion cannot be given upon the therapeutic value
of heat-killed emulsion of the RP strain as employed in the case
cited. A noticeable increase in the number of bullae present
followed the intravenous and, to a less extent, the subcutaneous
inoculation of this emulsion. This was not observed to occur
when emulsion of normal mouse brain was employed.
DISCUSSION :ii
SUMMARY
The isolation and serial transmission through mice of a non-
bacterial agent obtained from the blister fluid of a fourth case of
pemphigus vulgaris is described.
REFERENCE
(1) GRACE, ARTHUR W., AND SUSKIND, FLORENCE II.: An agent, transmissible to
mice, obtained during a study of pemphigus vulgaris. Proc. Soc.
Exp. Biol. and Med., 1937, 37: 324.
DISCUSSION
DR. ERIcH IJRBACE, Vienna: I appreciate very much tbe work of Dr. Grace
and Miss Suskind. It is very important and I am very glad to see that since the
last International Congress at Budapest there has been a change of opinion here
in the United States. In Budapest there was a great deal of discussion about
the etiology of pemphigus and it was only the paper by Welsh of the Mayo Clinic
who believed that it is possible that pempbigus is an infectious disease [strepto-
cocci: Editor]. Most of the doctors were against this opinion. I have had an
opportunity to do some investigations at the University Clinic of Vienna. If I
may I would like to speak a few words about this work which is now seven years
old. We have presented six or seven papers on this subject and have published
one in the Archives of Dermatology in this country (33: 788, 1936). If you take
a non-infected blister from a patient with pemphigus or dermatitis herpetiformis
and inject its contents into the brain of a rabbit by cisternal puncture, you will
find in a large percentage of cases after four or five days that these animals are ill.
We made these experiments from about seventy cases of pemphigus and dermatitis
herpetiformis and used about five hundred animals. The animals will become
paralyzed and if you do not kill them, the paralysis will progress to the four limbs
and then to the medulla, and the animals will die of suffocation. If you take the
brain from this infected animal and make an emulsion and inject this into the
brain of another rabbit, you will see that after some days the animal will be
affected in the same way. So you can go from one animal to another in several
passages. It is therefore a filtrable virus. Ristological investigation of the
brain will show an encephalo-myelo-meningitis. The cells are not polymnrpho-
nuclear leucocytes. They are small cells. You can make the same inoculation
experiments with the skin and the lymph glands and spleen of a patient dying
from pemphigus. I had the opportunity of taking these materials three hours
after death. All bacteriological investigations showed that these organs were
not unspecifically infected. From this material you can infect animals and from
the brain of one animal, you can transfer it to another.
This question has been in dispute in the dermatolngical literature. I know
that some schools, like Lemberg, Amsterdam and others, are against our investi-
gation. Thcy cannot reproduce it but others have. If you read the last issue
of the Archiv für Dermatologie (German) you can find the work of Wert (Clinic
Richter, Greifswald), who was able to cultivate the virus in the chicken allantois.
We began the same work in Vienna with Dr. FrUhlich just before I left Vienna.
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Therefore, I believe we can say that pempbigus and dermatitis herpetiformis are
virus diseases. I will not talk too long but I would like to say that the dermato-
logical clinic in Vienna in the last few years has been working on this question
because we intended to bring it up at the next International Congress here in the
United States.
The question of cross immunity between rabies and pemphigus is very interest-
ing. If you inject the brain emulsion of a pemphigus-infeeted animal into a
rabbit which has recovered from a rabies infection, this animal will never become
ill. Conversely, if you inject rabies virus, also two or three times as much as is
lethal for a normal animal, into a rabbit which has recovered from a pemphigus
infection, it will not be ill. The immunity against one of these virus diseases
protects against the other. This does not occur in herpes simplex virus and
others. This work was presented in Stuttgart before the German Dermatological
Society a few months ago by my co-workers, Schweinburg and Wolfram. Of
course the question comes up if it is possible to treat the sick human being with
the brain of these infected animals. It is never possible. We have made many
experiments. We can say if a person is once ill, he has antibodies but he is not
able to use them in fighting against the disease. The question of immunity
to a virus is not so easy to understand. Three weeks ago I wrote to Vienna asking
them to send me our last slides where we could demonstrate by a special method
the virus body in the blisters of the human and also in the brains of the infected
animals, but the slides have not yet arrived. We presented a film three years ago
at the Academy of Physicians showing the peculiar behavior of these animals.
To summarize, we believe that pemphigus and dermatitis herpetiformis are
diseases caused by an invisible virus. This virus is different from all other
viruses we have investigated such as the herpes virus and the rabies virus. Only
the rabies virus has an immunological relationship to pemphigus virus.
DR. FaANK MENAGH, Detroit: I would like to ask Dr. Grace how long a period
elapsed between the time he radiated his mice and the time he injected the virus?
DR. GRORCE MILLER MACERR, New York City: I would like to ask Dr. Grace
what explanation he can give for the action of the x-rays; whether that is an
effect on the lymphocytes or on the nervous system or something else? In some
bacterial diseases x-rays are supposed to destroy lymphocytes and produce a
protective antibody, and in some others the x-rays are supposed to destroy the
protective mechanisms of the body and make the disease worse. The result
depends somewhat on the dose. Four hundred r for the mouse, over the entire
body, is a large dose but is not the resistance of the mouse to x-rays rather
high? I would also like to ask Dr. Grace if he has yet tried any immunization
experiments.
DR. ARTHUR W. GRACE: The agent which we have obtained from another case
of pemphigus and which we call the R.P. strain has no effect when inoculated into
rabbits. It is our belief that the agent whose isolation is recorded in this paper
is identical with the R.P. strain and is different from that isolated by Dr. Urbach.
Mice are inoculated usually within twenty-four hours after irradiation. The
longest period after irradiation at which mice have been used is one week.
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No satisfactory explanation can be given for the action of the x-rays in facili-
tating the transmission of the active agent to mice. According to Lawrence
and Tennant3 pathological studies of tissues of mice which have died following
irradiation with doses of x-ray larger than 400 r show that the mucosa of the small
intestine, lymphoid tissue, the bone marrow and the spleen are the most radio-
sensitive; the other viscera, including nervous tissue, seem morphologieally to
be radioresistant. Chrom4 gives good experimental evidence that the reticulo-
endothelial system is damaged by irradiation.
Preliminary experiments with reinoculation of recovered mice at intervals
ranging from twelve weeks to fifteen months after the primary intracerebral
inoculation failed to show development of immunity.
3 Lawrence, John H., and Tennant, Robert, Jour. Exp. Med., 66: 6, 1937,
p. 667.
Chrom, Sv. A., Acta Radiol., 1935, 16: 641.
